Am. J. Physiol. 220(5) : 1249-1255. 197 l.-The effects of electrical stimulation of the carotid sinus nerves on arterial pressure, heart rate, and peripheral blood flows were studied in healthy dogs while conscious, asleep, after general anesthesia with Na pentobarbital, and after autonomic blockade. In the resting conscious dog, 30-set periods of carotid sinus nerve stimulation resulted in average decreases in heart rate of 12 %, arterial pressure 27 %, coronary flow 5 %, mesenteric flow 9 %, and renal flow 8 %, while iliac flow increased by 112 %. In sleeping dogs, the decrease in heart rate (22 %) was greater than when awake. In anesthetized dogs, the decreases in resistance in all beds with stimulation were not as great as in conscious dogs and the periods necessary for arterial pressure and heart rate to return to control following stimulation were prolonged. The bradycardia was mediated predominantly by the vagus nerves in conscious dogs and by the sympathetic nerves in anesthetized dogs. Thus, when compared to conscious dogs, baroreceptor stimulation in anesthetized dogs resulted in less peripheral vasodilatation, slower recovery of arterial pressure and heart rate, and a different pattern of autonomic control of heart rate.
baroreceptor ; mesenteric flow; heart rate; coronary flow; iliac flow; autonomic nervous system; renal flow; blood pressure; pentobarbital THE LARGE BODY OF KNOWLEDGE that exists regarding the effects of the carotid sinus reflex on circulatory dynamics is based primarily on experiments conducted in anesthetized animal preparations ( 11, 14) . The results of studies in anesthetized animals are influenced to an unknown extent by the direct effects of general anesthesia on the circulatory system and by the elimination of higher central nervous system control of the cardiovascular system. Accordingly, in order to gain an understanding of the manner in which general anesthesia affects circulatory control by the carotid sinuses, we compared the effects of carotid sinus nerve stimulation on heart rate, arterial pressure, and peripheral vascular resistance in dogs which were awake, asleep, and then after general anesthesia had been induced. were studied in all eight dogs while resting and awake, in seven of them while asleep but unanesthetized; all eight dogs were studied 1 hr after general anesthesia had been induced by Na pentobarbital 30 mg/kg iv. These studies were carried out on the same day that observations in the waking state had been made. The effects of carotid sinus nerve stimulation on heart rate were studied after propranolol 1.0-2.0 mg/kg and atropine 0.2-0.3 mg/ kg in five dogs, both in the conscious and anesthetized states. The pulsed ultrasonic flowmeter (6) was used in two dogs and the Doppler ultrasonic flowmeter (7, 30) carotid sinus nerve stimulation promptly produced a bradycardia. Heart rate decreased to a minimum level 12 & 2 % from control (from 72 to 63 beats/min) within the first 10 set of stimulation.
METHODS

Using sterile
Heart rate rapidly recovered and returned to control levels between the 10th and 20th set of stimulation while pressure was still decreasing. Heart rate ruse to an average of 9 =t 2 % above control at 30 set, just prior to the discontinuation of stimulation ( Fig. 1 ). In seven animals studied while asleep, the general pattern of heart rate changes were similar, i.e., the prompt bradycardia, the recovery during stimulation and the rebound tachycardia, but in four of these animals the bradycardia was much more marked ( Fig. 3 ). In the sleeping animals, heart rate slowed to a greater extent, by an average of 22 & 4 % (from 69 to 54 beats/min) as compared to 12 & 2 % in the resting awake dogs (P < .Ol). In the anesthetized state, carotid sinus nerve stimulation produced an average decrease in heart rate of 14 & 2 % (f rom 155 to 133 beatsjmin).
In contrast to the waking and sleeping states, return of heart rate to control levels was prolonged and required an average of 13 & 6 set after discontinuation of stimulation (Fig. 1) . In these cases the rebound tachycardia observed in conscious animals was not apparent.
Autonomic components of heart rate res-owe. The administration of atropine (W-O.4 "g/kg) to conscious dogs caused the heart rate to increase from an average of 74 to 152 beats/ min. Carotid sinus nerve stimulation after atropine in these animals decreased heart rate by an average of only 3 & 1% (from 152 to 148 beats/min). On a separate day these dogs were anesthetized with pentobarbital. Atropine (0.2-0.4 mg /kg) caused heart rate to increase only from an average of 158 to 164 beats/min.
Carotid sinus nerve stimulation then produced a decrease in heart rate of 12 f 3 % (from 164 to 144 beats/mm). Propranolol (1 .O-2.0 mg/kg) in conscious dogs caused the heart rate to decrease from an average of 76 to 66 beats/min. Carotid sinus nerve stimulation in these animals then decreased heart rate further, by 9 f 2 'X (from 66 to 60 beats/ min). When the anesthetized animals were given proprano-101, heart rate decreased from an average of 160 to 138 beats /'min. Carotid sinus nerve stimulation produced no further reduction in heart rate (from 138 to 138 beats/min) in all five dogs so studied.
Regional blood jlow and resistance. In resting conscious animals, when aortic pressure was at a minimum level during carotid sinus nerve stimulation, left circumflex coronary blood flow showed little change, decreasing on the average by 5 & 2 % (from 42 to 40 ml/min).
Similarly, renal flow decreased slightly by 8 f 3%, from an average of 344 to 316 ml/min, and mesenteric blood flow fell 9 f 2 %, from an a\-erage of 3 15 to 286 ml/ min. Iliac blood flow increased 112 =t 13 %, from an average of 220 to 466 ml/min. The decreases in calculated resistances averaged 24 Z!Z 3 % in the left circumflex coronary bed, 22 =t 3 % in the renal bed 20 f 3 % in the mesenteric bed, and 66 f 5 % in the iliac bed (Fig. 4) .
Pentobarbital, 30 mg/kg, increased calculated resistance in the mesenteric ( 19 & 5 %I) and renal (20 f 5 %) beds, and decreased resistance in the iliac (8 f 3 %) and coronary (5 -f 2 %) beds. In the anesthetized state, carotid sinus nerve stimulation then resulted in average decreases of coronary flow of 28 f 3% (from an average of 50 to 36 ml/min), renal flow 7 f 2% (from 328 to 304 ml/min), mesenteric flow 8 f 2% (from 304 to 285 ml/min), and increases in iliac flow of 8 f 5 % (from 273 to 295 ml/min) Resistance increased in the coronary bed by an average of 6 f 3 % and decreased in the renal bed by 17 f 3 %, in the mesenteric bed by 15 f 3 %, and in the iliac bed by 30 f 4% (Fig. 4) .
DISCUSSION
Carotid sinus nerve stimulation in the conscious dog resulted in reductions in arterial pressure, heart rate, and resistance of the coronary, mesenteric, renal and iliac beds. In sleeping, unanesthetized dogs the circulatory changes were similar.
After pentobarbital anesthesia an identical intensity and duration of carotid sinus nerve stimulation in the same dogs resulted in similar degrees of arterial hypotension and bradycardia, but the recovery of heart rate and arterial pressure were prolonged.
General anesthesia is known to alter cardiac output, heart rate, arterial pressure, and peripheral vasoactivity (9, 20). Barbiturates in particular are known to exert a vagolytic VATNER, FRANKLIN, AND BRAUNWALD effect (20, 26) and at higher doses to depress central reflexes including the carotid sinus reflex (3, 4, 18) . The levels of anesthesi .a i n this response to carotid study . sinus did not significantly depress the nerve sti mulation since the resultant arterial hypotension and bradycardia were quantitativeIy similar in both awake and anesthetized states. However, the time required for recovery of heart rate and arterial pressure became markedly prolonged (Fig. 1) . This was evident in all animals studied but was most dramatically seen in the dogs that failed to recover from stimulation. One of these animals recovered 10 min after discontinuation of stimulation.
In the other two animals in which this type of reaction was observed, recovery did not occur and these animals expired.
In one of these two animals, coronary blood flow and arterial pressure were recorded (Fig. 2) resistance by an average of 5 % from the control unanesthetized levels. The decrease in coronary resistance by anesthesia could be partially explained by the increased heart rate after anesthesia, since coronary vascular resistance has been shown to decline with increasing heart rate ( 19). On the other hand, since the bradycardia was more sustained with stimulation in the anesthetized state this could partially account for the greater decrease in coronary blood flow and lack of decline of coronary vascular resistance. It is also possible that general anesthesia reduced tonic sympathetic coronary vasoconstriction (3 l), and that the latter could then not be reduced further by carotid sinus nerve stimulation.
Since the control values for resistance in the rnesenteric and renal beds were higher in the anesthetized state, the observed attenuated decreases in resistance in these beds with stimulation could not be explained on the basis of an already dilated bed. The differences seen in vasoactivity in the regional beds may be due to a central depressant effect of pentobarbital on the medullary vasomotor center, or due to a peripheral depressant effect on the resistance blood vessels (lo), or to a combination of these effects.
There is some evidence that during sleep there is an increased baroreceptor sensitivity as compared to the waking state. In the present study, carotid sinus nerve stimulation resulted in a greater cardiac slowing in the sleeping than in the waking state. These data are consistent with those of Smyth and associates (28) who tested baroreceptor sensitivity by measuring reflex cardiac slowing during the transient hypertension resulting from intravenous injections of angiotensin in waking and sleeping subjects and found that baroreflex sensitivity increased during sleep in 7 of 10 subjects (28). Our findings may be due to a resetting of the baroreceptors during sleep, as proposed by Smyth and associates (28), which in turn may be due to an increase in facilitation or a decrease in inhibition of the carotid sinus reflex.
The results of our studies help to clarify the controversy regarding the relative contributions of the sympathetic and parasympathetic nervous systems in the heart rate response to baroreceptor stimulation. 
